Diabetic nephropathy (DN) increases podocyte cyclooxygenase-2 (COX-2) expression, and COX-2 inhibition reduces proteinuria and glomerular injury in animal models of diabetes. To investigate the role of podocyte COX-2 in development of diabetic nephropathy, we employed a streptozotocin model of diabetic mellitus in wild-type and transgenic mice expressing COX-2 selectively in podocytes. Progressive albuminuria developed only in diabetic COX-2 transgenic mice despite hyperglycemia, BP, and GFR being similar to those in wild-type mice. Transgenic mice also manifested significant foot-process effacement, moderate mesangial expansion, and segmental thickening of the glomerular basement membrane. In cultured podocytes overexpressing COX-2, high glucose induced cell injury and increased both expression of the pro(renin) receptor and activation of the renin-angiotensin system. Downregulation of the (pro)renin receptor attenuated the injury induced by high glucose. In vivo, podocyte pro(renin) receptor expression increased in diabetic COX-2-transgenic mice, and treatment with a COX-2 inhibitor abrogated the upregulation of (pro)renin receptor and reduced albuminuria, footprocess effacement, and mesangial matrix expansion. In summary, these results demonstrate that increased expression of podocyte COX-2 predisposes to diabetic glomerular injury and that the (pro)-renin receptor may be one mediator for this increased susceptibility to injury. Hyperglycemia-mediated metabolic abnormalities, hemodynamic abnormalities, and oxidative stress have all been implicated in the pathogenesis of diabetic nephropathy. 1 Diabetes can affect numerous cell types in the kidney, including glomerular podocytes, mesangial and endothelial cells, tubular epithelia, interstitial fibroblasts, and vascular endothelia. 2 Altered podocyte function occurs early in the development of diabetic nephropathy and can affect cell-cell interactions, attachment to the glomerular basement membrane, and apoptosis. [2] [3] [4] [5] [6] [7] [8] [9] [10] In humans, COX-2 expression is readily detectable in glomerular podocytes of adults, 11,12 and expression levels have been reported to increase during acute renal allograft rejection. 13, 14 Occasional COX-2-positive podocytes are also detectable in adult rats, 15,16 and we have previously reported that in rat models of diabetes there is increased COX-2 expression in podocytes, and also in mesangial cells and macula densa cells, and have shown that COX-2 inhibition can attenuate proteinuria and retard diabetic nephropathy progression. 15 In this study, we investigated the role of increased COX-2 in diabetes-induced podocyte injury. Our results indicate that increased podocyte expression of COX-2 increases susceptibility
Hyperglycemia-mediated metabolic abnormalities, hemodynamic abnormalities, and oxidative stress have all been implicated in the pathogenesis of diabetic nephropathy. 1 Diabetes can affect numerous cell types in the kidney, including glomerular podocytes, mesangial and endothelial cells, tubular epithelia, interstitial fibroblasts, and vascular endothelia. 2 Altered podocyte function occurs early in the development of diabetic nephropathy and can affect cell-cell interactions, attachment to the glomerular basement membrane, and apoptosis. [2] [3] [4] [5] [6] [7] [8] [9] [10] In humans, COX-2 expression is readily detectable in glomerular podocytes of adults, 11, 12 and expression levels have been reported to increase during acute renal allograft rejection. 13, 14 Occasional COX-2-positive podocytes are also detectable in adult rats, 15 , 16 and we have previously reported that in rat models of diabetes there is increased COX-2 expression in podocytes, and also in mesangial cells and macula densa cells, and have shown that COX-2 inhibition can attenuate proteinuria and retard diabetic nephropathy progression. 15 In this study, we investigated the role of increased COX-2 in diabetes-induced podocyte injury. Our results indicate that increased podocyte expression of COX-2 increases susceptibility to development of diabetic nephropathy and that the podocyte injury is due in part to increased expression and activity of the (pro)renin receptor.
RESULTS

Podocyte COX-2 Expression in Diabetes
The level of basal renal COX-2 expression varies among species, and minimal COX-2 immunoreactivity is detectable in nonstressed adult mice of most strains. 17 Furthermore, in most mouse strains, diabetes induces relatively minor glomerular pathology. 18 In this regard, our preliminary studies indicated that in wild-type B6/D2 mice, the strain used to generate the transgenic animals, low-dose streptozotocin-induced (STZ-induced) diabetes did not induce significant diabetic nephropathy, and renal COX-2-positive cells were rare under both basal and diabetic conditions. Therefore, in initial studies, we examined renal COX-2 expression in a mouse model that does develop significant and progressive nephropathy, the eNOSϪ/Ϫ db/db (eNOS, endothelial nitric oxide synthase) mouse. 19, 20 In these mice, renal COX-2 was significantly upregulated, not only in the macula densa but also in the glomerulus, in podocytes, and in mesangial cells ( Figure 1A) .
To investigate the potential role of increased podocyte COX-2 expression in diabetic glomerular injury, we induced diabetes in wild-type mice on the B6/D2 background and in transgenic mice (tg) selectively expressing COX-2 in podocytes (COX-2 tg). Blood glucose was not different between groups at baseline or after induction of diabetes ( Figure 2A ). After 16 weeks of diabetes, BP and GFR also remained equivalent between groups ( Figure 2 , B and C), but albuminuria was significantly greater in diabetic COX-2 tg mice (96.1 Ϯ 9.1 versus 28.3 Ϯ 5.3 g albumin/mg creatinine, n ϭ 5 to 6, P Ͻ 0.05) ( Figure 2D ). The diabetic COX-2 tg mice had moderate mesangial expansion and segmental GBM thickness compared with minimal mesangial expansion and no increase in GBM thickness in diabetic wild-type mice; COX-2 tg mice also demonstrated significantly increased foot process effacement ( Figure 2 , E and F).
As expected, COX-2 tg mice had increased glomerular COX-2 expression at baseline, and expression further increased in the diabetic animals, whereas no significant increase in glomerular COX-2 was detected in wild-type mice ( Figure 3A ). With use of primers specific for endogenous and transgene COX-2 mRNA, real-time PCR demonstrated increases predominantly in endogenous rather than the transgene COX-2 expression (Figure 3 , B and C). The increased glomerular COX-2 was largely restricted to podocytes and was associated with a 50% decrease in nephrin expression (fold wild-type [Wt] control: Wt ϩ STZ: 0.9 Ϯ 0.2; COX-2 tg: 0.9 Ϯ 0.1; COX-2 tg ϩ STZ: 0.5 Ϯ 0.2, n ϭ 3) ( Figure 3D ).
High-Glucose Medium Induced More Severe Injury in Podocytes Overexpressing COX-2 Differentiated podocytes from wild-type or COX-2 tg mice were exposed for 48 hours to medium with normal glucose (5.5 mM), mannitol (30 mM), or high glucose (30 mM). The high-glucose medium induced more striking cytoskeleton disorganization ( Figure 4A ), decreased ␣-actinin 4 expression ( Figure 4B ), and induced more apoptosis (COX-2 tg versus wild type: 18.7 Ϯ 2.9 versus 7.7 Ϯ 0.9%, n ϭ 3, P Ͻ 0.05). These effects were unrelated to increased medium osmolarity per se because they were not seen with exposure to mannitol. Our previous studies demonstrated interactions between COX-2 and the renin-angiotensin system (RAS) in the kidney, 21 and podocytes have been shown to express components of RAS, 22, 23 which increase in response to high glucose. 24 The (pro)renin receptor was first localized to the mesangium of glomeruli, 25 but recent reports have also detected it in cultured human podocytes. 26 Reverse transcription-PCR confirmed expression of (pro)renin receptor in cultured mouse differentiated podocytes ( Figure 5A ). In COX-2 tg podocytes, high glucose led to significant increases in receptor mRNA expression ( Figure 5B ).
Cultured podocytes expressed predominantly immunoreactive prorenin, although there was also low but detectable renin, ( Figure 5C ); there were no significant differences in levels of expression among groups (data not shown). However, high glucose stimulated cellular renin activity (from 1.1 Ϯ 0.1 to 1.8 Ϯ 0.1 ng Ang I/mg prorenin per hour in wild-type podocytes and from 1.2 Ϯ 0.1 to 2.7 Ϯ 0.2 ng Ang I/mg (pro)renin per hour in COX-2 tg podocytes, n ϭ 6, P Ͻ 0.05 compared with basal levels in each group and between wild-type versus COX-2 tg podocytes in high glucose) ( Figure 5D ). There were similar differences in renin activity measured in the media. In COX-2 tg podocytes, high glucose also induced phospho-ERK (from 1.0 Ϯ 0.1-to 3.7 Ϯ 0.6-fold of wild-type control, P Ͻ 0.05) (Supplemental Figure 1A ) and phospho-p38 (from 0.9 Ϯ 0.1-to 2.6 Ϯ 0.1-fold of wild-type control, P Ͻ 0.05) (Supplemental Figure 1B) while minimally increasing expression in wild-type podocytes. Inhibitors of MEK (PD-98059) or p38 (SB203580) reduced high-glucose-induced apoptosis (to 7 Ϯ 1 and 8 Ϯ 2%, respectively; n ϭ 4, P Ͻ 0.05 compared with untreated group).
Inhibition of COX-2 in COX-2 tg podocytes prevented the increases in high-glucose-stimulated (pro)renin receptor mRNA (from 4. Figure 6A ), as well as inhibition of renin activity (from 2.7 Ϯ 0.2 to 1.6 Ϯ 0.2 ng Ang I/mg (pro)renin per hour, n ϭ 4 to 6, P Ͻ 0.05). In addition, the COX-2 inhibitor also partially inhibited high-glucose-induced increases in phospho-ERK and phosphop38 (2.1 Ϯ 0.5-fold control, n ϭ 4, P Ͻ 0.05, and 1.9 Ϯ 0.1-fold control, n ϭ 4, P Ͻ 0.05, respectively) ( Figure 6B ).
Specific (pro)renin receptor siRNA inhibited prorenin receptor mRNA expression by 50 to 70% (Supplemental Figure 2) . Compared with scrambled control siRNA, (pro)renin receptor mRNA knockdown in COX-2 tg cells decreased the high-glucosestimulated renin activity (from 2.7 Ϯ 0.2 to 1.0 Ϯ 0.1 ng Ang I/mg (pro)renin per hour, n ϭ 4 to 6, P Ͻ 0.05) without significantly affecting renin expression. It also significantly inhibited highglucose-induced phospho-ERK (to 1.6 Ϯ 0.1-fold wild control, n ϭ 4, P Ͻ 0.05) and phospho-p38 expression (to 1.4 Ϯ 0.1-fold wild control, n ϭ 4, P Ͻ 0.05) ( Figure 6C ). In addition, downregulation of (pro)renin receptor expression partially restored ␣-actinin 4 expression ( Figure 6D ) and reduced apoptosis (from 19 Ϯ 3 to 6 Ϯ 2%, n ϭ 4, P Ͻ 0.05) ( Figure 6E and Supplemental Figure 2B ). To determine the potential role of angiotensin II in these responses, we utilized the specific AT1 receptor antagonist, losartan (0.1 M), which partially inhibited high-glucoseinduced phospho-ERK (to 2.0 Ϯ 0.1-fold wild control, n ϭ 4, P Ͻ 0.05) and phospho-p38 (to 1.7 Ϯ 0.1-fold wild control, n ϭ 4, P Ͻ 0.05) (Supplement Figure 3A) and decreased apoptosis (to 7 Ϯ 1%, n ϭ 4, P Ͻ 0.05) ( Figure 6E ). The combination of (pro)renin receptor mRNA interference and AT1R blockade with losartan further reduced high-glucose-induced apoptosis to 4 Ϯ 1% (n ϭ 4). BASIC RESEARCH www.jasn.org Elevated (Pro)renin Receptor Expression in Glomeruli of Diabetic COX-2 tg Mice (Pro)renin receptor mRNA expression increased significantly in isolated glomeruli from diabetic COX-2 tg mice (to 3.9 Ϯ 0.2-fold control, n ϭ 4, P Ͻ 0.05) ( Figure 7A) , with localization to podocytes and mesangial cells ( Figure 7B ) and colocalization of increased COX-2 and (pro)renin receptor in podocytes of diabetic COX-2 tg mice ( Figure 7C ). Increased (pro)renin receptor mRNA and protein expression was also detected in glomeruli of eNOSϪ/Ϫ db/db mice ( Figure 1 , B and C).
Effect of COX-2 Inhibition in STZ-Induced Diabetic COX-2 tg Mice
Consistent with our previous studies in diabetic rats, 15 treatment of diabetic COX-2 tg mice with the selective COX-2 inhibitor, SC58236, significantly attenuated albuminuria (from 96.1 Ϯ 9.2 to 50.7 Ϯ 4.1 g albumin/mg creatinine, n ϭ 6, P Ͻ 0.05) ( Figure 8A ) and foot process effacement (from 70 Ϯ 10 to 40 Ϯ 2%, n ϭ 3, P Ͻ 0.05) (lower panel in Figure 8 , B and C). COX-2 inhibitor treatment did not alter glomerular COX-2 expression (Figure 8 , D and E) but did attenuate the increases in glomerular (pro)renin receptor mRNA (from 3.9 Ϯ 0.2-to 1.7 Ϯ 0.5-fold control, n ϭ 4, P Ͻ 0.05) ( Figure 8E ) and protein ( Figure 8F ).
DISCUSSION
Our previous studies indicated that selective overexpression of COX-2 in podoctes increased susceptibility to adriamycin or puromycin-induced glomerular injury. 27, 28 The current studies demonstrated that in streptozotocin-induced diabetes, mice with selective increases in podocyte COX-2 expression exhibited significant albuminuria, foot process effacement, and GBM thickening. In cultured podocytes, COX-2 overexpression led to more severe cytoskeleton disorganization and apoptosis in response to high-glucose stimulation. These changes were ameliorated by treatment with a specific COX-2 inhibitor, indicating that podocyte COX-2 expression increases susceptibility to development of diabetic nephropathy. The current studies also indicate that increased podocyte (pro)renin receptor expression may partially mediate the observed increased susceptibility to diabetic injury of COX-2 overexpressing podocytes. The renin-angiotensin system is a well-recognized mediator of diabetic nephropathy, and RAS blockade can slow progression in both type I and type II diabetes. 29, 30 In addition to the systemic RAS, there is increasing evidence that local tissue and/or cell type-specific RAS are potentially important mediators of injury. Recent studies have shown that components of the RAS exist in podocytes, 23 suggesting that podocytes not only may be a target for the deleterious effects of angiotensin II but also may serve as a local source of angiotensin II production. 31 In differentiated podocytes, high-glucose-increased (pro)renin receptor expression, along with increased renin activity, and knockdown of (pro)renin receptor mRNA in COX-2 tg podocytes blocked the increased renin activity, partially reversed the increased ERK and p38 activation, and decreased cell injury induced by high glucose. Inhibition of COX-2 decreased the high-glucoseinduced (pro)renin receptor upregulation in the cultured podocytes and in the diabetic COX-2 transgenic mice. Furthermore, AT1 receptor blockade indicated that at least part of the mechanism by which the (pro)renin receptor mediates podocyte injury results from local activation of the podocyte renin-angiotensin system. In addition, the current studies demonstrated that in eNOS knockout (KO) db/db mice, a model with significant diabetic glomerulopathy, podocyte COX-2 expression was significantly increased, as was podocyte (pro)renin expression. In this regard, we have found that RAS inhibition signif- BASIC RESEARCH www.jasn.org icantly decreases glomerulopathy in eNOSϪ/Ϫ db/db mice (Zhang et al. unpublished). Durvasula et al. have also recently reported increased (pro)renin receptor mRNA expression in cultured podocytes exposed to high-glucose medium and in podocytes of diabetic rats. 24 Diabetic patients have lower circulating renin levels but higher prorenin levels than normal healthy patients, 32 and increased plasma prorenin levels have been linked to an increased risk of microvascular complications such as retinopathy and nephropathy. 33, 34 Prorenin is generally considered to be an inactive precursor of renin that becomes catalytically active after proteolytic cleavage of its prosegment. 35 The (pro)renin receptor can bind prorenin as well as renin, and binding of prorenin may induce renin activity without proteolytic cleavage of its prosegment; 25, 36 it may also trigger intracellular signaling pathways independent of angiotensin II. 25 In the kidney, receptor expression has been reported in mesangium, macula densa, and tubular cells, and also in cultured differentiated podocytes. 25, 26, 37 Overexpression of the (pro)renin receptor has been implicated in hypertensive and diabetic kidney injury. 38, 39 Receptor blockade with a handle region peptide (HRP) has been reported not only to inhibit the progression of nephropathy but also even to reverse established diabetic glomerular injury. 40 However, these results have not necessarily been confirmed by other investigators. 41 Recent studies have indicated that glucose promotes cultured mesangial COX-2 production via enhanced (pro)renin receptor expression, 42 and in transgenic rats overexpressing the human (pro)renin receptor gene globally, increased COX-2 was found predominantly in the macula densa cells. 43 These results suggest that the (pro)renin receptor may directly or indirectly contribute to the regulation of COX-2 expression in mesangial and macula densa cells. In this regard, we did observe that downregulation of (pro)renin receptor also partially inhibited high-glucose-mediated podocyte COX-2 expression. Therefore, it is possible that COX-2 metabolites pro- mote (pro)renin receptor activation, which may then mediate further increases of COX-2. In summary, we found that transgenic mice with selectively increased podocyte COX-2 expression were predisposed to development of more severe glomerular injury in response to streptozotocin-induced diabetes. Increased podocyte COX-2 expression induced podocyte (pro)renin receptor expression in response to high glucose both in vitro and in vivo. Inhibition of COX-2 activity or (pro)renin expression partially protected COX-2-overexpressing podocytes from high-glucose-induced injury. Further studies will be required to elucidate underlying molecular mechanisms. 
CONCISE METHODS
Materials
Experimental Animals
Nephrin-driven COX-2 transgenic mice on the B6/D2 background (COX-2 tg) were genotyped by PCR and Southern blotting as described previously. 27 Diabetes was induced with the low-dose STZ Induction Protocol of the Animal Models of Diabetes Complications Consortium (AMDCC, http://www.amdcc.org). Briefly, mice were starved for 4 hours, then anesthetized with isoflurane, and injected intraperitoneally with 50 mg/kg of STZ for 5 consecutive days. We divided age-and strain-matched (10-to 12-weeks old) male mice into the following groups: (1) Wild type (citrate buffer only) (Wt); (2) Wt ϩ STZ; (3) COX-2 transgenic control (COX-2 tg); (4) COX-2 tg ϩ STZ; (5) COX-2 tg ϩ STZ treated with the COX-2 selective inhibitor, SC58236 (6 mg/L in drinking water). Blood glucose was monitored and mice were sacrificed at the end of 16 weeks. We studied eNOSϪ/Ϫ db/db mice on the BKS background at 26 weeks. 19 All animal procedures were approved by the Animal Care and Use Committee of Vanderbilt University Medical Center.
Assessment of Glomerular Injury
Glomerular injury was assessed histologically with light microscopy and electron microscopy (EM). Systolic BP was measured by tail cuff sphygmometry and GFR was determined as described previously. 19 
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Urinary albumin levels were determined by ELISA using a murine microalbuminuria ELISA kit, AlbuwellM (Exocell Inc., Philadelphia). The urine creatinine concentration was measured with a microplate assay kit, Creatinine Companion (Exocell Inc., Philadelphia). All measurements were performed in duplicate and albuminuria was determined as the ratio of urinary albumin (g/ml) to creatinine (mg/ml).
Isolation of Glomeruli
Glomeruli were isolated immediately after sacrifice, using the Dynabeads method modified from Takemoto et al. 44 Briefly, mice were anesthetized by an intraperitoneal injection of Nembutal (0.05 mg/g body wt) and perfused through the descending aorta with 8 ϫ 10 7 Dynabeads diluted in phosphate-buffered saline. The kidneys were removed, minced into 1 mm 3 pieces, and digested in collagenase (1 mg/ml collagenase A, 100 U/ml deoxyribonuclease I in HBSS) at 37°C for 30 minutes with gentle agitation. The collagenase-digested tissue was gently pressed through a 100-m cell strainer using a flattened pestle, and the cell strainer was then washed with 5 ml of cold HBSS. The filtered cells were passed through a new cell strainer without pressing and the cell strainer washed with 5 ml of cold HBSS. The cell suspension was then centrifuged at 200g for 5 minutes at 4°C. The supernatant was discarded and the cell pellet was resuspended in 2 ml of cold HBSS. Finally, glomeruli-containing Dynabeads were gathered by a magnetic particle concentrator and washed three times with cold HBSS. During the procedure, kidney tissues were kept at 4°C except for the collagenase digestion at 37°C. The preparation consisted of Ͼ90% glomeruli.
Culture of Mouse Podocytes
We used immortal podocyte cell lines with or without COX-2 overexpression generated as described previously, 45 maintained in medium with mouse recombinant-IFN␥ (Sigma, St. Louis) (10 U/ml) for permissive conditions (33°C). Podocytes were characterized by specific markers (e.g., nephrin, and WT1 for podocytes and synaptopodin for differentiated podocytes). Cells between passage 10 and 15 were used for all experiments. Differentiation was induced by switching the incubation temperature to 37°C (nonpermissive conditions) and removing IFN␥ from the culture media for 10 to 14 days.
After quiescence for 16 to 24 hours, a subgroup of cells were grown in high-glucose (30 mM) medium or osmolality control medium (30 mM mannitol) for 48 hours before experimentation.
RNA Extraction and Real Time RT-PCR
Total glomerular and podocyte RNA was extracted using TRI-reagent (Molecular Research Center Inc., Cincinnati, OH) and chloroform extraction and further purified with an RNeasy kit (Qigen Inc., Valencia, CA). Upper primer: 5Ј-tct ccg aac tgc aag tgc ta; lower primer: 5Ј-ctg caa act ttt gga gag ca. Real-time PCR was performed with specific primers and IQ SYBR Green Supermix Kit (Bio-RAD Laboratories, Inc., Hercules, CA) at 95°C for 3 minutes and then 95°C for 20 seconds, 62°C for 20 seconds, and 72°C for 60 seconds in 40 cycles. Glyceraldehyde 3-phosphate dehydrogenase (GAPDH) was used as an internal control. Comparative C T and statistical analysis were calculated as per instructions of User Bulletin #2 from ABI (Applied Biosystems, Hammonton, NJ).
(Pro)renin Receptor Knockdown by siRNA
The single-stranded 19-nt RNA duplexes 5Ј-CCUACAACCUUG-CGUAUAA-3Ј and siPORT NeoFX Transfection Agent were purchased from Ambion (Austin, TX). Experiments followed the manufacturer's suggested protocol with 100 nM siRNA duplex in six well plates. Fresh growth medium was replaced after 8 hours in subsequent experiments. A maximal suppression of (pro)renin receptor mRNA was shown for 48 hours and protein expression for 72 hours. We used scrambled SiRNA as a negative control.
Immunoblotting
Cultured cells or isolated glomeruli were homogenized as described previously. 46 Proteins were resuspended in SDS-sample buffer, diluted in SDS buffer containing 2-mercaptoethanol (Sigma Chemical Co.), and boiled for 10 minutes before loading. The samples were run on 8% SDS-PAGE gels under reducing conditions and transferred onto polyvinylidene fluoride membrane (Immobilion-P; Millipore Co., Bedford, MA). After blocking with 5% nonfat milk in Tris Buffered Saline (TTBS), the membranes were exposed to the primary antibody overnight at 4°C, followed by HRP-conjugated secondary antibodies. The HRP signal was enhanced using the ESL method and the images were developed on high-performance autoradiography film, Hyperfilm MP (Amersham Biosciences, Buckinghamshire, UK). Membranes were rehybridized with goat anti-␤-actin antibody (Santa Cruz, CA) to normalize protein loading.
Immunohistochemistry
Under deep anesthesia with Nembutal (70 mg/kg intraperitoneally), mice were exsanguinated with 50 ml/100 g heparinized saline (0.9% NaCl, 2 U/ml heparin, 0.02% sodium nitrite) through a transcardial aortic cannula and fixed with glutaraldehyde-periodate acid saline as described previously. Glutaraldehyde-periodate acid saline contains final concentrations of 2.5% glutaraldehyde, 0.011 M sodium metaperiodate, 0.04 M sodium phosphate, 1% acetic acid, and 0.1 M NaCl and provides excellent preservation of tissue structure and antigenicity. Antigens were retrieved in 0.01 M citrate buffer pH 6.0 by microwave for 2 minutes, followed by steam for 25 minutes. The second antibody was localized using Vectastain ABC-Elite (Vector, Burlingame, CA) with diaminobenzidine as the chromogen, followed by a light counterstain with toluidine blue. The fixed kidneys were dehydrated through a graded series of ethanols, embedded in paraffin, sectioned at 4-m thickness, and mounted on glass slides.
Immunofluorescence
Freshly removed kidneys were embedded in Cryo Embedding Medium (OCT) compound for frozen sections and were stored at Ϫ80°C. Five-micrometer sections were fixed with acetone and 4% paraformaldehyde, followed by blocking with the corresponding serum and incubation with primary and second antibodies. Cy3 donkey anti-goat antibody and anti-rabbit antibody were used as second antibodies. Images were semiquantified with Image J.
Phallodin Binding Assay
Cultured differentiated podocytes on glass cover slips were washed in PBS, fixed in 3.7% paraformaldehyde in PBS for 20 minutes, and extracted with acetone at Ϫ20°C for 3 to 5 minutes. After podocytes were blocked with 1% BSA, they were incubated with 0.1% saponin in PBS containing a saturating amount (0.4 M) of Orange Green 488 phalloidin (Invitrogen, Carlsbad, CA) for 30 minutes at room temperature in darkness and examined at 500 to 520 nm.
Apoptosis Detection
Measurements utilized a TUNEL Apoptosis detection kit (Upstate). 4Ј,6-diamidino-2-phenylindole (DAPI) was used for counterstain. The percentage of apoptotic cells in 400 total cells from the same field was determined for quantification.
Renin Activity
Renin activity was measured as described previously. 47, 48 Briefly, cells were homogenized in 0.1 M Tris-HCl, pH 7.4, containing 3.4 mM 8-hydroxyquinolone sulfate, 0.25 mM EDTA, 0.1 mM phenylmethysulfonyl fluoride, 1.6 mM dimercaprol, 5 mM sodium tetrathionate, and 0.1% Triton X-100. Angiotensin I was detected using an Angiotensin I detection kit (Phoenix Pharmaceuticals, Inc., Burlingame, CA), according to the manufacturer's instructions, and excess exogenous renin substrate was provided as described previously. 49 The concentration of protein was determined with a BCA protein assay kit (Pierce, Rockford, IL).
Statistical Analysis
All values are presented as mean Ϯ SEM. ANOVA and Bonferroni t tests were used for statistical analysis, and differences were considered significant when P Ͻ 0.05.
